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In order to obtain pure cultures of chicken melano-
cytes, neural tubes were excised from 22-somite stage 
embryos and placed in culture dishes to allow melano-
blasts to migrate out and proliferate. The growth of 
contaminating cells was inhibited by maintaining the 
primary cultures in low-calcium and low-magnesium 
medium supplemented with 32 nM 12-0-tetradecanoyl-
phorbol-13-acetate (TPA). Subsequently the pure cul-
tures of melanocytes were maintained in Ham's F-10 
medium supplemented with TP A. The population dou-
bling time was approximately 12 h. The cell density at 
confluency in medium containing 32 nM TP A, 80 nM 
TPA, or 32 nM. TPA plus 1 nM cholera toxin was 3.4, 
5.6, or 8.3 x 10"1 cells/cm2 , respectively. The melano-
cytes were highly pigmented and had tyrosinase activi-
ties ranging from 0.7-5.0 mU/mg protein. 
Embryonically melanocytes are derived from neural crest 
cells that migrate from the neural folds or dorsal aspect of the 
neura l tube to ultimate sites of residence such as the skin , hair 
or feather follicles, and the choroid [1-3). The migratory abi lity 
of presumptive melanocytes (melanoblasts) has been useful in 
culturing t his type of cell from isolated avian neural tubes [ 4-
8]. However, such cultures were contaminated with other cells, 
proliferated slowly, and survived for short times on ly. Human 
melanocytes derived from foreskin or skin biopsies proliferate 
in culture for long periods (more than 1 year) when stimulated 
by 12-0-tetradecanoyl-phorbol-13-acetate (TPA) and cholera 
toxin [9,10]. We have therefore investigated the effects ofTPA 
and cholera toxin on chicken melanocytes isolated from neural 
t ubes and have derived a protocol that has enabled us to 
maintain pure cultures of pigment cells for at least 6 months. 
MATERIALS AND METHODS 
Melanocyte Cultures 
Cultures of melanocytes were established from chicken embryos 
homozygous for the wild type allele (e+ ;e+) at the major plumage color 
loci 111,121 . Eggs were fertilized by artificial insemination and incu-
bated in a humidified incubator at 37'C for about 72 h during which 
t ime the embryos developed to the 22-somite stage, i.e., stage 18 
according to the Hamburger- Hamilton criteria [13]. Embryos were 
collected in a 60-mm Petri dish containing Ham's F-12 medium (Flow 
Laboratories, Inc.) supplemented with 10% fetal calf serum (GIBCO 
Laboratories). The posterior two-third portion of the embryonic trunk 
was dissected out and incubated in pancreatin (GIBCO Laboratories; 
diluted 1:4 in water) for 30 min at 4 'C with periodic trituration to 
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loosen the somites and the notochord from the neural tube as described 
by Loring et al [5). The isolated neural tubes were washed in Ham's F-
12 medium and placed in 6-well cluster plates (Corning) containing 1.5 
ml of starter medium. Starter medium consisted of Ham's F -12 supple-
mented with 10% fetal calf serum (GIBCO Laboratories), L-glutamine, 
sodium pyruvate, essential amino acids, HEPES buffer, and gentamicin 
as described by Giss et al [8). Other media used in our protocol were 
minimal essential medium without Ca++ and Mg++ (MEMS; Flow 
Laboratories, Inc.) containing 10% fetal calf serum, 20 ng/ml TPA (32 
nM), 200 U/ml penicillin, and 100 11g/ml streptomycin or Ham's F-10 
medium (Flow Laboratories, Inc.) supplemented with 32 nM TPA, 
penicillin, streptomycin, 5% newborn calf serum, and 5% NuSerum 
(Collaborative Research). 
Electron Microscopy 
Cultured cells were fixed in situ with half-strength Karnovsky 's 
fixative (14) for 1 h at room temperature and again with 1% osmium 
tetroxide containing 1.5% ferrocyanide [15] for 30 min. Both fixative 
solutions were buffered at pH 7.2 with 0.2 M sodium cacodylate buffer. 
The fixed cells were stained en bloc with a solution of 0.5% aqueous 
uranyl acetate for 30 min prior to dehydration. The cells were embedded 
in the culture dish in Epon 812 [16] . The resin was allowed to poly-
merize at 60'C for 3 days. Selected areas of the epoxy cast were mounted 
on an Epon peg, sectioned, stained with uranyl acetate and lead citrate, 
and examined in a Zeiss 9S-2 transmission electron microscope. 
Tyrosinase Activity 
Tyrosinase activity was measured in cell extracts containing 2-60 
!lg protein by a method (17] modified from that of Pomerantz (18]. A 
unit of tyrosinase was defined as the activity of enzyme that oxidized 
1 !lmol of tyrosine in 1 min. 
RESULTS 
The isolated neural tubes were allowed to settle and attach 
to the bottom of the culture dish for 8-12 h. Attached neural 
tubes were then dislodged with sharpened tungsten needles and 
a llowed to reattach. This procedure was repeated twice before 
the neural t ubes were discarded. During the time of neural tube 
attachment, melanocytes migrated out and formed small colo-
nies (Fig 1). Cells at the leading edge on the colony were bipolar 
or dendritic, while cells next to the neural tube were polygonal 
(Fig 2). After removal of the neural tubes, the colonies did not 
expand and mitotic cells were absent. After 6 days in culture, 
melanin was visible in a ll the cells at the leading edge of the 
colony and in most of the more central cells. Contaminating 
cells were present in some cases, especially in the center of 
colonies larger than 1.0 mm in diameter. Primary cultures 
containing contaminating cells were incubated on day 7 with 
MEMS supplemented with 32 nM TPA. In this growth medium 
the melanocytes developed prominent pigmented dendrites 
whereas other cells developed vacuoles (Fig 3) and eventually 
lifted off the culture dish. Primary cultures were incubated in 
MEMS up to 6 weeks. Pure cultures of melanocytes were 
thereafter maintained in Ham's F-10 medium supplemented 
with 32 nM TP A. These proliferating melanocytes retained 
their melanogenic functions. They contained pigment (Fig 4) 
and melanosomes (Figs 5, 6) for as long as 6 months in culture. 
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FIG 1. Light micrograph of neural t ube (nt) from a 72-h embryo 
(stage 18). During 12 h of attachment of t he neural tube to the bottom 
of the cu lture dish, cells migrated and formed a primary colony. 
Arrowhead points to notochord (X 80). 
F IG 2. P hase contrast micrograph of a primary colony. nt = Neural 
tube (X 270). 
3 
FIG 3. Phase contrast micrograph of a primary colony of melano-
cytes 5 days after initiation of the cult ure. The colony consists of 2 
morphologically distinguishable types of cells: slender, dendrit ic cells, 
i.e., melanoblasts (arrowheads), and flat, polygonal cells (arrows). This 
culture was treated with MEMS on day 3; as a resu lt, the contaminating 
cells developed numerous, large cytoplasmic vacuoles. Striations on 
micrograph represent t he scratch marks made by the tungsten needle 
used to detach the neural tube (X 270). 
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Tyrosinase activity was high and ranged between 0.7- 5.0 mU/ 
mg protein. 
Addition of TP A to the medium of primary cultures of 
melanoblasts immediately after discarding the neural tubes 
promoted cell proliferation but delayed the appearance of pig-
ment for 4- 6 days. Secondary cultures established from these 
colonies were light ly pigmented . 
The kinetics of melanocyte proliferation in secondary cul-
tures are shown in Fig 7. Population doubling time was approx-
imately l/ 2 day for the experiment in Fig 7. The concentration 
of TPA in the medium had little effect on the initial rate of 
proliferation of melanocytes. However, the final cell density 
was greater when cells were grown at the higher concentration 
ofTPA (80 nM). Cholera toxin (1 JLM) also enhanced final cell 
FIG 4. Phase contrast micrograph of a secondary, pure culture of 
dendritic, pigmented melanocytes (x 270). 
F IG 5. Electron micrograph of melanocytes maintained in culture 
for 10 weeks (X 3000). 
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FIG 6. Higher magnification of melanocytic perikaryon demonstrat-
ing hypertrophic Golgi apparatus (G), premelanosomes containing 
vesicles and a disorganized matrix (p), and melanized melanosomes 
(m). This melanocyte is from a 6-week-old culture (X 19,000). 
density but did not affect the initial rate of cell proliferation. 
The melanocytes were very sensitive to TP A deprivation. After 
4 days in medium without TP A the melanocytes stopped divid-
ing (Fig 7), became flat and less dendritic, and t hen died. 
DISCUSSION 
We have developed a protocol to grow pure, proliferative 
cultures of pigmented chicken melanocytes derived from neural 
tubes in large numbers and for long periods. This method takes 
advantage of the facts that (1) melanoblasts are the first cells 
to migrate out of isolated neural tubes and thus can be obtained 
at relative high purity, (2) the phorbol ester TPA stimulates 
the proliferation of melanocytes in cu lture, and (3) medium low 
in calcium and magnesium selectively kills nonmelanocytic 
contaminating cells in primary cultures. 
Other investigators have grown normal avian melanocytes 
from neural tubes for short periods (days) [ 4,5,19], but these 
cultures were contaminated with other cells. Various manipu-
lations of t he growth medium have increased the relative pro-
portion of melanocytes [8,19] or resulted in small numbers of 
slowly proliferating melanocytes (4]. 
TP A has been used previously to study the differentiation of 
avian melanoblasts derived from neural tubes [7,20,21]. How-
ever, none of these studies was concerned with the long-term 
effect of TP A on the proliferation and differentiation of avian 
melanocytes. TP A shortened t he initial population doubling 
time of quail melanoblasts, delayed the onset of pigmentation, 
and prevented adrenergic cell differentiation, thus enabling the 
preferential growth of melanocytes (20,21] . TPA has also been 
shown to prevent the differentiation of melanoblasts in heter-
ogeneous populations of cells derived from chicken neural crest 
[7]. We have found that TPA added to the avian cultures after 
the onset of melanization is essential to maintain the prolifer-
ation of pigmented melanocytes that express high levels of 
tyrosinase for as long as 6 months in culture. It is thus possible 
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FIG 7. Kinetics of growth of melanocytes in different cul ture media. 
Melanocytes were seeded in 2 cm2 cluster well plates. After 24 h (day 
zero), the medium was changed to the experimental meruum consisting 
of Ham's F-10 without additions (e) , with 32 nM TPA (6), with 80 nM 
TPA (0), or with 32 nM TPA plus 1 nM cholera toxin (0). Cells were 
counted with a Coulter counter and each value is the average of 
duplicate wells. SE did not exceed 10%. 
to obtain large numbers of avian melanocytes with known 
pigmentary lesions, such as those drived from albino [22 ,23], 
White Leghorn (24], and vitiligo (25] chickens. 
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